Abstract This paper discusses a new approach in cooling the absorbent fl uid in a vapour absorption refrigerator by directly passing the absorbent fl uid through the ground loop. To cope with a possible fairly large fl ow rate due to using this method, a showerhead spread, an adiabatic vapour absorption type absorber is proposed to incorporate with the ground loop. A mathematical model is developed to simulate the vapour absorption process for this type of absorber. Simulation results from the mathematical model show that the absorption ratio of this absorber is strongly infl uenced by the diameter of the holes on the showerhead and the initial velocity of the fl ow entering the absorber vessel. Then some experimental results on the direct ground coupled absorber are presented in the paper for comparison with the indirect arrangement. 
Introduction
It is a common practice to use a secondary loop to discharge the heat to the ground when a refrigeration system uses ground as a heat sink [1] . While this is generally adequate in most cases, it does have a negative impact on the system performance. In a vapour refrigeration absorption system, the use of a secondary loop increases the temperature difference between the absorbent fl uid in the absorber and the ground because the heat from the absorber has to be transferred to the fl uid in the secondary loop fi rst and then to the ground. As a result, the absorption has to take place at a higher temperature. The impact could be signifi cant for a system which is powered by a low temperature heat source because it has to be operated under a high circulation factor. The secondary loop can be eliminated by passing the absorbent fl uid through the ground loop for direct cooling which can effectively reduce the temperature difference between the absorber and the ground due to only one heat transfer process being involved in this arrangement. However, this arrangement has some requirements for the fl ow in circulation. Firstly, as a media to convey the heat to the ground, the absorbent fl uid must maintain a suffi cient fl ow rate to circulate between the absorber and ground loop. Depending on the capacity of the system, the absorbent fl ow rate could be fairly large to meet the requirements for heat transfer. Secondly, the absorbent fl uid must have suffi cient surface in contact with the vapour in order to absorb the vapour effectively. Thirdly, the fl ow must be arranged to minimise the circulating power consumption. Using a showerhead is a convenient way to meet these requirements. However, the direct couple between the showerhead and the ground loop means that the factors that could affect the fl ow and its contact surface area, such as the diameter of holes on the showerhead, the velocity of the absorbent fl ow leaving the holes and the fl ow travel distance in the absorber vessel, must be optimised in order to achieve effi cient absorption. In this paper, these are discussed and mathematically analysed to determine the infl uence of these factors to the direct ground coupled absorber.
Analytical models of heat and mass transfer
The fl ow circulation in the showerhead absorber is depicted in Figure 1 . To simplify the modelling work, the following assumptions have been made:
Governing equations
Under the assumptions made above, the simultaneous heat and mass transfer in the showerhead absorber can be described by the following equations [2] . For the energy transfer, we have:
For the mass diffusion in the absorbent fl ow, the mass transfer can be described by the following equation:
The equations (1) and (2) under cylindrical coordinates can be written as follows: Where ∆H = H A − H B is the enthalpy deference of two components in the solution, and:
Velocity of the fl ow For each single stream of the absorbent fl ow, it is convenient to use cylindrical coordinates for the energy and mass transfer equations. The velocity of the fl ow under cylindrical coordinates is expressed as the following:
Since the fl ow is accelerated by gravity, the velocity of the fl ow is a function of the travel distance z. With the initial velocity of v 0 at the showerhead, the velocity of the fl ow at any position, z, can be calculated from:
If the fl ow is incompressible, the requirement for mass balance leads to: 
The negative sign in Equation (8) indicates that this velocity is opposite to the radial direction. The equation shows that the velocity v r is zero at the centre of the fl ow.
The boundary conditions
The following boundary conditions are applied:
1) The solution at the showerhead:
2) At the centre of the fl ow, there are no heat and mass transfers in the direction of radius, therefore:
3) The solution concentration at the liquid-vapour interface is determined from the solution temperature and concentration in equilibrium with the refrigerant vapour pressure:
Since the heat transfer due to temperature difference between the liquid and vapour is ignored, then:
4) At the bottom of the fl ow, mass balance should be satisfi ed, i.e., the mass fl ow rate at the bottom of the fl ow equals the sum of the mass fl ow rate at the showerhead and the mass absorbed:
Where, sb is the cross-sectional area of each stream of the absorbent fl ow at the bottom. The mass absorbed can be obtained from the following equation: 
Where, S is the surface area of each stream of the absorbent fl ow. The solutions of the heat and mass transfer in the showerhead absorber can be obtained with equations from (3) to (14).
This analysis was performed with the fi nite differential method within the LiBr-H 2 O fl ow domain as shown in Figure 3 .
Absorption ratio of the showerhead absorber
The performance of the showerhead absorber can be measured by the absorption ratio which is defi ned as the quantity of water absorbed per unit fl ow rate of the absorbent solution in the absorber. This ratio varies with the holes' diameter of the showerhead, d 0 , the initial velocity of the fl ow, v 0 and the travel distance of the fl ow in the space of the absorber, L. The calculation results for the absorption ratio were obtained from the above analytical model under the following conditions: the inlet solution concentration and temperature are 54% and 30ºC respectively for the evapo- rating temperature of 5ºC. Some properties of lithium bromide were taken from the reference [3] for the calculation.
The infl uence of the holes' diameter, d 0 , and initial velocity, v 0 , on the absorption ratio is shown in Figure 4 . It is clear that a smaller diameter (f = 5 mm) of the holes gives a better absorption ratio than the larger one (f = 7.5 mm). The velocity, v 0 , has even more signifi cant infl uence on the absorption ratio. From Figure 4 we can see that the absorption ratio is very high when the initial velocity is below 0.01 m/s but it becomes very small when the velocity is above 0.01 m/s. This is because the diffusivity of the LiBr-H 2 O solution is so small that there is not enough time for the water to diffuse further into the absorbent fl ow when the velocity is high. The combined infl uence of the diameter of the showerhead holes and the initial velocity could result in signifi cant differences in the absorption ratios: the absorption ratio with a hole of 5 mm diameter is 2.7 times that of one with 7.5 mm when the velocity is at 0.001 m/s, however, this increases to 838 times when the velocity rises to 0.05 m/s. Therefore, a low initial velocity is required to achieve a high absorption ratio. The low velocity also reduces the power consumption of the circulation pump.
The travel distance L in the space of the absorber has infl uence on the absorption ratio as well. This is shown in Figure 5 , in which the curve was depicted from calculation results under the initial velocity at 0.05 m/s. It can be seen that the increase of the absorption ratio is fast as the travel distance is extended from 0.1 m to 0.15 m. However, this increase becomes slow if the travel distance is further extended. This suggests that for a showerhead absorber, most of the absorption takes place in the region close to the showerhead. The excess travel distance does not help in the increase of the absorption ratio. Therefore, a short travel distance is recommended for this type of absorber.
Comparison between the direct and indirect absorbers
A direct coupled absorber was tested for a solar driven cooling system. The ground part of the absorber is a 1 m diameter coil buried in the ground 1 m below the ground level. The coil was constructed with a 150 m long, 20 mm diameter MDPE pipe. This absorber was compared with a same size indirect coupled absorber. The indirect coupled absorber had a copper coil inside the vessel to cool the absorbent. This coil was connected to a coiled ground heat exchanger with similar dimensions to the coil used in the direct coupled absorber. Figure 6 shows the experimental results for comparison [4] . It can be seen that the capacity of the cooling system with the direct coupled absorber has increased. It is believed that this increase is due to the smaller temperature difference between the solution and the soil as the experiments were carried out under the same conditions. It should be noted that the direct coupled absorber in the test did not have an optimised showerhead when it was tested.
Conclusion
This paper discussed a showerhead absorber for a direct ground coupled absorption cooling system through a mathematic simulation. The analytical results showed that a low initial velocity with a smaller diameter of holes on the showerhead is necessary to enhance the absorption process in the absorber. Although the increase of the travel distance in the absorber space can improve the absorption ratio, this effect is limited at some point. The experimental results indicated that the direct ground coupled absorber can improve the cooling capacity of the absorption system.
